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Claim 

A tin-coating material for copper and copper alloys with excellent whisker resistance 
characterized by the fact that a tin-coating layer is provided after a zinc alloy coating layer 
containing zinc at 0.1-10% (wt%, the same hereafter) has been provided at 0.1-5.0 /an on the 
surface of copper or a copper alloy. 
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Detailed explanation of the invention 
Industrial application field 

The present invention relates to a tin-coating material for copper and copper alloys with 
excellent whisker resistance for use in terminals, connectors or other electronic parts. 

Prior art 

For terminals, connectors or other electronic parts, in many cases, by means of tin or tin 
alloy plating for coating on the surface of a copper alloy material, a corrosion resistance is 
rendered to protect the surface and to maintain good soldering characteristics. 

However, it has been known that needle-shaped crystals consisting of tin single crystals 
called whiskers are formed on the surface of the tin or tin alloy coating of such a copper alloy 
material. This whisker generally has a size of 1-5 /mi and its length may reach a maximum of a 
few millimeters. Furthermore, this whisker readily occurs especially in glossy tin plating with the 
addition of a glossy agent. 

In the case of using such a copper alloy in electronic parts, owing to the formation of 
whiskers, short-circuiting between terminals in the circuits, poor insulation, noise and other 
problems have occurred. In particular, in recent years, with the miniaturization and high 
densification of electronic parts, short-circuiting due to the formation of whiskers has been a 
major problem. The causes for the formation of whiskers are as following: 

(1) In the same manner as plating with zinc or cadmium that readily undergoes the 
formation of whiskers, tin is a low melting point metal, its atoms move at a relatively low 
temperature (200-100°C), and recrystallization occurs easily. 

(2) For a glossy tin plating with the addition of a glossy agent, the internal stress is 
increased by presence of the glossy agent, or the lattice defect density in the plating film is 
extremely high due to small crystal particles. Therefore, the internal strain energy is high, crystal 
grain boundaries are numerous and passages for short circuit diffusion of tin atoms are 
numerous. 

(3) Owing to the high-pressure hydrogen occlusion during tin plating, tin readily appears 
in the weak point portion of the plating material, that is, the portion containing microfme 
granular impurities etc. 

Although the above described are considered to be the causes of whisker formation, the 
actual situation is that the causes have not been completely clarified. 

On the other hand, as methods for the prevention of the formation of whiskers of the tin 
coating layer, the following methods have been proposed conventionally. 

(1) A method for superheating treatment at a temperature of 150-1 80°C for 1-3 h after the 
tin plating. 
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(2) A method for the irradiation of electron beams in vacuum after the tin plating 
(Japanese Kokoku Patent No. Sho 55[1980]-31 196). 

(3) A method for the formation of an anodic oxide film after the tin plating (Japanese 
Kokai Patent Application No. Sho 52[1977]-53734). 

(4) A method for a eutectoid of tin with lead, nickel, copper or zinc, that is, for alloy 

plating, 

(5) A method for the alleviation of hydrogen occlusion during plating by providing 
ultrasonic energy. 

Problems to be solved by the invention 

However, the methods for the prevention of whisker formation described previously have 
a variety of problems in the case of the continuous treatment of long lines or stripes. 

In method (1), since a long period of time is used in the heating treatment, continuous 
treatment is difficult. Furthermore, for glossy plating with the addition of a glossy agent, there is 
a possibility of the occurrence of discoloration, heat swelling, cracking or other plating defects. 

In method (2), since a vacuum must be maintained, it is unsuitable for continuous 
treatment. Furthermore, the irradiation apparatus or the vacuum treating apparatus has a high 
cost and the treating cost is increased. 

Method (3) is suitable for continuous treatment. However, in processing after plating like 
pre tin plating, there is a possibility that the oxide film may be destroyed during processing. 

In method (4), quality control of the plating bath is difficult. Furthermore, there are 
questions about the corrosion resistance, soldering characteristics, electrical characteristics of the 
plating and other plating performance aspects. Moreover, it is difficult to re-utilize scrap 
generated during the molding processing. 

In method (5), if the formation and the growth of the whiskers are dominated only by 
hydrogen occlusion during plating, effectiveness can be expected. However, at least in regard to 
the growth of whiskers, it is considered to be related to additives, the plating bath, the plating 
conditions and many other major factors, and the method is not perfect. 

On the other hand, in regard to the method for providing a coating layer of zinc or zinc 
alloy plating as the base of the tin coating layer, for example, in Japanese Kokai Patent 
Application No. Sho 60[1985]-169589, a method has been proposed for providing a tin or tin 
alloy coating layer via a zinc or zinc alloy intermediate layer with a thickness of more than 0. 1 
fim on top of a phosphorus-containing copper alloy base material. However, this is for the 
purpose of improving the thermal spalling resistance of the solder. In regard to the prevention of 
whisker formation, no consideration has been given at all. In general, zinc is considered harmful 
with respect to whisker growth of tin. For example, according to the description of the 19th 
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Junction Committee Data (issued on January 25, 1973) of the Junction Technology Committee of 
the Japanese Electronic Material Technology Association, the growth of whiskers is very rapid 
when tin plating is directly implemented on zinc or brass. Therefore, in the case of using a 
copper alloy containing zinc, for example, brass or the like, on terminals, connectors or other 
electronic parts, the current situation is to necessarily carry out base plating of copper or the like. 

In order to solve the conventional technical problems explained above, the present 
invention provides a tin-coating material for copper and copper alloys with excellent whisker 
resistance. 

Means to solve the problems 

The essence of the present invention is a tin-coating material for copper and copper alloys 
with excellent whisker resistance characterized by the fact that a tin-coating layer is provided 
after a zinc alloy coating layer containing zinc at 0.1-10% (wt%, the same hereafter) has been 
provided at 0.1-5.0 /xm on the surface of the copper or copper alloy. 

Operations of the invention 

The present inventors have considered the facts that zinc that is considered 
conventionally to be very harmful to the whisker formation of tin diffuses very rapidly inside the 
tin-coating layer and moves to the surface, and that the zinc diffusing to the surface is more 
preferentially oxidized than tin to form an oxide film more easily. As a result of spirited 
accumulation of research, the present invention has been accomplished. 

In the present invention, as a base layer on the surface of copper or a copper alloy, a zinc 
alloy coating layer containing zinc at 0.1-10% is formed at a thickness of 0.1-5.0 jun. As a 
method for the formation of this zinc alloy coating layer, after implementation of a pretreatment 
(alkali degreasing electrolytic degreasing -> acid washing) on the surface of the copper or 
copper alloy by an ordinary method, a zinc alloy coating layer is formed. In the zinc alloy 
coating layer, Cu-Zn, Sn-Zn, Ni-Zn, Ni-Co-Zn, Cd-Zn, and Fe-Zn type alloys can be used 
without special restriction. However, Cu-Zn can be used appropriately. Furthermore, as the 
coating method, after the treatment mentioned previously, coating is to be carried out by melt 
plating, electroplating, vapor deposition or other methods. 

The zinc content of the zinc alloy coating layer is set at 0.1-10% because if the zinc 
content is less than 0.1%, even if the thickness of the coating layer is increased, the inhibition 
effect of the whisker formation is small and the objective of the present invention cannot be 
achieved. Furthermore, if the zinc content is more than 10%, even if the thickness of the coating 
layer is decreased, the growth of whiskers is promoted and the soldering is adversely affected. 
Moreover, the thickness of the zinc alloy coating layer is set at 0.1-5.0 fim because if the 
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thickness of the coating layer is less than 0.1 /on, a uniform coating layer cannot be formed and 
the inhibition effect whisker formation is small. Furthermore, if the thickness of the coating layer 
is more than 5 [xm, the whisker resistance is not improved to a large extent. If the thickness is 
increased beyond what is required, the cost will increase. 

Next, on the surface of the zinc alloy coating layer described previously, a tin coating 
layer is formed. The tin coating layer is a material for the improvement of corrosion resistance 
and soldering characteristics. The formation of this tin coating layer can be achieved by any of 
melt plating, electroplating, reflow plating, vapor deposition or other methods. It is preferable 
that the thickness of the tin coating layer be 1.0-3.0 /xm. 

The mechanism of whisker inhibition effect of the present invention has not been 
clarified at this moment. However, it is believed to be due to the following. 

For a copper alloy material coated with tin, the tin surface is gradually oxidized with the 
elapse of time and the surface energy is decreased. Tin atoms move from inside the tin coating 
layer with a high internal stress to the surface. Furthermore, copper atoms also diffuse slowly to 
the tin coating layer to form Ci^Sns, CuaSn or other intermetallic compounds. By these two 
actions, the increase in the internal stress of the tin coating layer and the movement of tin atoms 
to the surface are promoted. The tin atoms are pushed out of defect sections or scratched portions 
of the tin coating layer or weak point portion of the oxide layer on the surface. Furthermore, with 
the continuous increase in internal stress with surface oxidation and the growth of intermetallic 
compounds, whiskers are grown. 

As described previously, if a zinc alloy coating containing more than 10% zinc is 
provided, the movement of zinc atoms is extremely fast, they diffuse in a large quantity and a 
thick oxide is formed on the surface. It is believed that, with this diffusion, the internal stress of 
the tin coating layer is increased and the formation of whiskers is pronounced. 

However, in the case of the provision of a coating layer containing zinc at less than 10%, 
the amount of diffusion of zinc is small. As a result, the increase in the internal stress of the tin 
coating layer is small. Furthermore, the present invention is characterized by the fact that, for a 
tin coating layer provided with a zinc alloy coating layer, the formation of CuaSn or other 
intermetallic compounds is extremely small. It is inferred that the formation of whiskers is 
inhibited by this synergistic effect. 

Application examples 

The present invention will be explained specifically by giving application examples in the 
following. 

A test sample (thickness 0.3 mm, width 50 mm and length 100 mm) of the composition 
shown in Table 1 was subjected to pretreatment (alkali degreasing -» electrolytic degreasing -» 
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acid washing) by an ordinary method. Next, after the implementation of Cu or Cu-Zn base 
plating under the conditions shown in Table 2, the sample was washed with water. Finally, 
glossy tin plating was carried out under the conditions shown in Table 3 to prepare the sample. 

Testing was carried out in regard to whisker resistance with respect to the sample 
described previously. In other words, sample (2) was installed inside a tool (1) with an internal 
width of 94 mm and a cross-sectional shape as shown in Figure 1. A compressive stress was 
loaded on the sample (2). The sample was placed indoors. Whiskers formed in the portion (area 
20 mm x 50 mm) shown by B in Figure 1 on the compressive stress side were observed with a 
microscope. 

The test results are shown in Table 4. In Table 4, Sample Nos. 1 through No. 8 are 
application examples of the present invention. Their Zn contents were in the range of 0,1-10% 
and their thickness was 0.1-5.0 /xm, satisfying the conditions of the present invention. For 
Sample No. 6, the formation of some whiskers was observed after one year. For the other 
samples, there was no formation of whiskers. 

Sample Nos. 9 through No. 13 are comparative examples. No Zn was contained in them. 
After one month, the formation of whiskers was already observed. They reached a length of 1 
mm after one year. 

Effect of the invention 

As explained above, the tin coating material for copper or copper alloy of the present 
invention is extremely good in whisker resistance, and is appropriate for terminals, connectors, 
lead frames and other electronic parts. 
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Table 1 
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Alloy No. 

Composition (wt%) 
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Key: 1 Plating bath composition 

2 Temperature 

3 Current density 

4 Zn content (wt%) 

5 Plating thickness 
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Tin plating 
Composition 
Cresol sulfonate 
Formalin 
Dispersing agent 
Glossy agent 



8 

7 Conditions 

8 Temperature 

9 Current density 

10 Plating thickness 
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Key: 1 Sample No. 

2 Alloy No. 

3 Zn alloy layer (base plating) 

4 Plating bath No. 

5 Zn content (wt%) 

6 Plating thickness 

7 Glossy tin plating 

8 Whisker resistance 

9 After one month 

10 After one year 

1 1 Application Example 

1 2 No whisker formation 

13 Residual formation, whiskers less than 50 fim 

1 4 Comparative Example 

1 5 Large whisker formation, length 500 /xm 
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16 Large whisker formation, length 1000 [im 

Brief description of the figure 

Figure 1 is a schematic cross-sectional diagram of a tool for loading a compressive stress 
on a sample. 

1 Tool 

2 Sample. 
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Figure 1 



